(approx. 35%) (Estevez et al. 2007 ).
59
During the pâté preparation, chopping and mincing of liver and other fatty 60 ingredients facilitate oxygen interaction with the paste matrix. Later on, the 61 pasteurization procedure increases the temperature and the high iron levels 62 catalyze oxidative reactions on the free fatty acids provoking hydroperoxides 63 and other degradation products (Kanner et al. 1991) .
64
Traditionally, industrial manufactures usually added synthetic antioxidants such 65 as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl, 66 octyl, and dodecyl gallates etc. to inhibit pâté lipid oxidation (Pinho et al. 2000) .
67
Actually, other alternatives are being investigated such as the use of sage and 68 rosemary essential oils (Estevez et al. 2007 ). However, edible fungi are also a 69 good source of natural antioxidants and fungal flavours, textures and colours 70 are more similar to animal products than plant extracts (Tsai et al. 2007) .
71
Boletus edulis is a widely consumed mushroom with appreciated sensory antioxidant (Ramirez-Anguiano et al. 2007; Tsai et al. 2007; Sarikurkcu et al. 80 2008), antimicrobial (Lee et al. 1999; Santoyo et al. 2009) were added to liver pâtés to study whether they were able to inhibit lipid 96 oxidation and enhance the antioxidant properties of the food matrix. The effect 97 of pâté processing and storage on these properties was also investigated.
98
Therefore, the ABTS and DPPH scavenging activities and TBARS values of 99 traditional and supplemented pâtés were compared. A preliminary study using 100 TLC was carried out to visualize the antioxidants potentially responsible of the 101 observed activities. 
MATERIAL AND METHODS

104
Materials and reagents
105
The mushroom used in this investigation was a wild strain of Boletus edulis 106 (Fries/Bull). Fresh mushroom fruit bodies, Iberian pork bacon, beef liver, 107 pepper, salt, powered garlic and white wine were purchased at a local or submitted to extraction using water and methanol as solvents.
122
Boletus edulis water fractions (BWF) were prepared by adding 500 mL distilled For DPPH  assays, the antioxidant compounds were extracted following two 144 procedures. In the first procedure, liver pâtés (5 g) were mixed twice with 10 mL 145 hexane, stirred for 4 min to remove fat samples before methanol extraction.
146
Hexane phase was removed using vacuum. Defatted paste was mixed twice 
166
ABTS + radical was chemically generated from ABTS-H using manganese 167 dioxide. ABTS + scavenging activity was analyzed spectrophotometrically 168 following the procedure described by Ramirez-Anguiano et al. (2007) . 
Antioxidants detection by TLC
188
Compounds present in the water and methanol extracts obtained from B. edulis 189 were separated and visualised using TLC silica sheets. Samples were 190 developed and stained with a DPPH  solution as described in Soler-Rivas et al. 191 (2000) .
192
Organic antioxidants from B. edulis powder (0.1 g) were extracted using 1mL 193 methanol. The mixture was shaken and centrifuged at 14000 rpm during 2 min. The second critical step is the heat treatment applied to the pâté in jars because 222 increase of temperature implies increase of reaction velocity, and in iron-rich 223 food matrices such as pâté, this metal might act as catalyst and accelerate lipid 224 oxidation reactions.
225
When the domestic pâté recipe was followed, the minced paste was not left 226 long enough to provoke a significant change in its antioxidants level (results not 227 shown) but the heating process seemed detrimental (Table 1) .
228
The thermal treatment applied to preserve the jars, following a traditional pâté 
236
Heating did not significantly affect the methanol-soluble antioxidants present in 237 the traditional pâté or in those supplemented with the mushroom powder (BC).
238
However, the latter showed higher antioxidant properties since the EC50 was, on 239 average, 0.2 mg/mL while 1.1 mg/mL was established for traditional pâtés. Boletus edulis additions up to 7.5% (w/w) increased the antioxidant capacity of 248 the water soluble fraction of pâtés (Fig. 1a) . The EC50 of the traditional liver pâté (Table 2) . Results were also independent of the type of sample (control and 260 supplemented) and apparently no synergistic effects occurred between the 261 antioxidants present in the fatty matrix (soluble in organic solvents such as 262 chloroform, hexane etc.) and those extracted with methanol. Therefore, the 263 DPPH  scavenging capacity was evaluated without hexane pre-treatment.
264
Boletus edulis addition to functionalize liver pâtés resulted in higher antioxidant 265 activity of the methanol-soluble fraction with only 1% addition (Fig. 1b) 
282
Control pâtés showed higher EC50 than in previous experiments (Table 3) .
283
These changes are usually due to the natural variability between samples 284 preparations, particularly, liver and bacon pieces might differ from batch to 285 batch. But, control and supplemented samples were prepared from the same 286 pâté paste to allow further comparisons.
287
BWF additions (0.25 and 1.25%) decreased respectively less than 13 and 30% 288 the control EC50. However, samples including the complete mushroom powder
289
(1 and 5% BC) decreased it respectively 43 and 67%. BMF additions (0.12 and 290 0.62 %) decreased respectively less than 10 and 58% the control EC50 while 291 similar concentrations but including the complete mushroom powder (1 and 5% 292 BC) decreased it respectively 47 and 78%. Therefore, the use of a water or a 293 methanol fraction instead of the complete mushroom as supplement to improve 294 the antioxidant activity was less effective than the use of the complete fruiting 295 body. Perhaps, synergic interactions between BC components might take place 296 or some of the antioxidants were degraded during the extraction procedure. The effect of BC, BWF and BMF supplementation on pâté lipid oxidation was 302 also studied (Fig. 2) (Estevez et al. 2007 ).
315
The antioxidant activity of the BWF and BMF supplemented pâtés were lower 316 than those including the complete fruiting body and the methanol fractions 317 slightly enhanced lipid oxidation thus, none of the separated mushroom extracts 318 was further more utilized to functionalize liver pâtés and the complete B. edulis 319 fruiting bodies were added but in concentrations lower than 5% (w/w).
320
Then, control pâtés and pâtés supplemented with 2.5% Boletus edulis powder 321 were prepared and stored at room temperature for 60 days to study the lipid 
324
Water soluble antioxidants presents in control and supplemented samples were 325 rather stable during 30 days because the ABTS + scavenging capacity did not 326 significantly changed in samples with 0, 15 and 30 storage days (Fig. 3a) .
327
Control samples showed on average an EC50 of 0.3 mg/mL and supplemented Similarly, the antioxidant activity of the methanol soluble fraction extracted from 333 both control and supplemented pâtés did not change within the 30 storage days 334 (Fig. 3b) . Afterwards, a high reduction was noticed after 60 days in control 335 samples while supplemented pâtés showed only a low reduction in their DPPH  336 scavenging capacity after those 60 days.
337
The lipid oxidation was concomitantly measured and no significant differences 338 were observed from 0 up to 60 storage days in both control pâtés and samples 339 supplemented with B. edulis powder (Fig. 3c) . The latter samples showed a 340 slightly higher TBARs values than the control although they were still very low 
348
When the methanol extracts were developed, only 2 bands with antioxidant 349 activity were observed (Fig. 4a) However, the most intense band did not migrate indicating that the antioxidant 369 activity was mostly due to very polar compounds which might be mainly soluble 370 in water and partially in methanol. Therefore, the water extract was also 371 analyzed by TLC.
372
The water extract was fractionated in a low molecular weight (LMW) and a high 
377
The TLC development of the water extract yielded three bands (Fig. 4b) , a fine 378 band (Rf = 0.68) with very low intensity and two other more intense at the 379 application point and at similar migration place than ergothioneine (Rf = 0.13). 
385
Other reports mentioned the presence of alkaloids, organic acids and 386 unidentified phenols which could also be present in the applied LMW water 387 fraction. Alkaloids could be partially extracted and with the utilized mobile phase 388 they might migrate, perhaps they could be responsible of the fine band 
